The Neotropics contributes significantly to global biodiversity yet little is known about its mammalian fauna. Given our limited knowledge, concerns are that extinctions at the local level may cause a decline in genetic diversity through the loss of unique alleles. Here we report the geographical population structure of four rodent species from French Guiana: Dasyprocta leporina , Agouti paca , Proechimys cayennensis and P. cuvieri . Two of them ( Dasyprocta and Agouti ) are commonly harvested throughout the country for subsistence and/or game hunting. Cytochrome b and control region sequences revealed the presence of a number of maternal lineages occurring in sympatry throughout French Guiana. We applied two cytochrome b rodent clock calibrations (7.5% and 12% per million years) to our data, and placed the divergence of the maternal lineages to between 160 000 and 260 000 years ago for the more diverse D. leporina and P. cuvieri , and between 66 000 and 46 000 years ago for the more recent A. paca and P. cayennensis . The clades appear to be widespread throughout South America as indicated by specimens sampled in Brazil, Peru, and Venezuela. At the population level, AMOVA revealed little or no geographical structure within French Guiana. However, this conclusion is based on a single genetic marker and relatively few specimens.
INTRODUCTION
The mammalian fauna of the Neotropics is among the richest in the world (Hershkovitz, 1969; Myers et al ., 2000) , yet little is known about the evolutionary relationships, geographical distribution and population biology of most species (da Silva & Patton, 1998) . As such, current management plans and conservation efforts seldom include information on mammalian fauna. To this end, a multidisciplinary study was launched in 2000 to assess the geographical distribution of variation across a series of Neotropical mammalian species in French Guiana. The main aim of the project was to improve and extend our knowledge regarding the general biology (e.g. densities, reproduction, population biology) of some of the most important and frequently utilized animal resources. To assess the existing genetic variability, we undertook a survey of fast evolving mitochondrial genes throughout French Guiana. This paper is a preliminary account of genetic variation in two medium-sized rodent species, the red-rumped agouti Dasyprocta leporina and paca Agouti paca . It also extends a previous study (Steiner, Sourrouille & Catzeflis, 2000) on genetic variation in two spiny rats Proechimys cayennensis and P. cuvieri .
French Guiana covers 85 000 km 2 of which 85% is still pristine primary forest. Along the Atlantic coast, a narrow 3-15-km border of savanna and marsh is intermingled with patches of mainly secondary forest. The rest of the country is covered by a continuum of rainforest with relatively few patches of man-made disturbed environments. Key factors that are believed to have shaped genetic diversity in the Guianan plateau include historical events and the geographical distribution of non-forested areas. During the Quaternary, forests repeatedly expanded and contracted as a result of climatic changes and these fragmentations presumably impacted on the geographical distribution of diversity. Within French Guiana, the inland locality of Saul probably acted as a refugium (de Granville, 1982) . For example, in the canopy tree Dicorynia guianensis (Caesalpiniaceae), the central locality of Saul made the largest contribution to the genetic diversity with different haplotype compositions for the north-western populations compared with eastern populations (Caron et al ., 2000) . On the broader scale of the Guianan shield, French Guiana might be at the crossover between two faunal and floral genetic clades as shown by the geographical distribution of several riverine fish species (Boujard et al ., 1997; Jégu & Keith, 1999) , as well as an anastomid fish (Renno et al ., 1990 ) whose community compositions change along an east-west cline.
The red-rumped agouti (Dasyproctidae) is a cursorial, medium-sized (3-6 kg) caviomorph rodent found throughout most of central and northern South America (Eisenberg, 1989; Emmons & Feer, 1997) . Voss, Lunde & Simmons (2001) report a single species of Dasyprocta from French Guiana and, although it is easy to distinguish in the field, the scientific name is contentious. In following Husson (1978) we recognize D. leporina (Linnaeus, 1758) as the valid species name for the red-rumped agouti. Agoutis are diurnal and are commonly seen in pairs or small family units in both primary and secondary forests, where densities can reach 8.5-10 individuals per km 2 in a primary forest devoid of hunting (Dubost, 1988) . On average, agoutis are reproductively active for ten years, during which time they produce two to three litters per year, with between one and three offspring per litter. Agoutis represented approximately 10% of all the game mammals (63 of 641 individuals; 17 species) collected during this project.
A. paca (Agoutidae) resemble D. leporina in general body form and dentition. However, they differ in being larger (6-12 kg) and having a spotted pelage. A. paca are widely distributed in the Neotropics, ranging from southern Mexico to northern Argentina (Emmons & Feer, 1997) . They are nocturnal and frequent a variety of habitats but prefer forested areas close to water. A. paca are not social (Leopold, 1959) and adults defend their territories against members of the same sex (Eisenberg, 1989) . In non-hunted Amazonian forests, A. paca can be relatively abundant, with densities of c. 27 individuals per km 2 . Like D. leporina , this species has a low fecundity (one or two litters per year, usually with only a single offspring per litter), but a rather high longevity (10-12 years in nature). A. paca represented 12% of all the game mammals (76 of 641; 17 species) collected for this study.
Spiny rats of the genus Proechimys (Echimyidae) are arguably the most abundant Neotropical rodents. They are nocturnal, terrestrial and solitary. Petter (1978) described two morphologically separate but sympatric species from French Guiana: P. cayennensis and P. cuvieri . Steiner et al . (2000) showed that P. cuvieri is characterized by higher levels of genetic diversity compared with P. cayennensis although this may be the result of unbalanced sampling for the two species (one more distant locality was included for P. cuvieri ). Notwithstanding gene flow among conspecific individuals, Steiner et al . (2000) speculated that Proechimys might be genetically structured in space since geographically close localities had somewhat lower sequence divergence values separating them compared with geographically distant locales. The two species occurring in French Guiana are widespread throughout the country but are not hunted for meat (in contrast with other Neotropical locations, such as Ecuador; Suarez, Stallings & Suarez, 1995) even though they weigh between 0.3 and 0.6 kg.
Together with a few species of the larger ungulates, caviomorph rodents such as D. leporina and A. paca are important sources of protein in Neotropical regions (Richard-Hansen, 1998; Peres, 2000) . Dasyprocta leporina may represent between 4% and 8% of the mammalian biomass consumed by Wayapi Amerindians (Ouhoud-Renoux, 1998 ) and, as a result of hunting pressure, have shifted from a diurnal to a nocturnal life style in certain areas of their distribution (Eisenberg, 1989) . Hunting pressure on A. paca may even exceed that on agoutis. Both indigenous people and European settlers consider the meat of A. paca a special delicacy; as such, they represent up to 12% of the mammalian biomass consumed by Amerindians in French Guiana (Ouhoud-Renoux, 1998) . In addition, A. paca may reach high population densities under favourable conditions (see Collett, 1981) , causing severe damage to crops, and are often exterminated as agricultural pests.
Given our current lack of knowledge regarding the population structure of most Neotropical mammals as well as the possible negative effects of differential mortality on local populations, there are concerns that locally adapted genetic diversity might be lost through extinctions. Our aim was therefore to determine the genetic variation in two game rodents in French Guiana, and to compare it with that of two other widespread caviomorph species that are not under the same hunting pressure. The identification of popula-tions or groups with independent evolutionary histories, taken together with species distributions, phenotypic variation, and landscape history, provide conservation agencies with valuable information for establishing suitable management strategies that may reduce the chances of local genetic depletion (Moritz, 1994; Moritz et al ., 2000) .
MATERIAL AND METHODS

S AMPLES
The collection of specimens formed part of a French initiative aimed at the conservation and establishment of suitable management strategies for game mammal species in French Guiana. Fresh tissue (liver, muscle or ear clippings) were preserved in 95% ethanol and housed in the tissue collection of the University of Montpellier II, France. All of the included D. leporina and A. paca samples were taken from animals destroyed by resident hunters for subsistence whereas Proechimys samples were collected in traps while doing field research. Specimens included in this study as well as their collection localities are presented in Figure 1 and Table 1 . In short, we included 30 D. leporina from 12 localities throughout French Guiana (including a specimen sampled on the Brazilian side of the Oyapock River) as well as a single specimen sampled in the Amazonas State, Brazil (donated by J. L. Patton). For A. paca , we included 23 specimens from ten localities in French Guiana and one specimen sampled in Venezuela. Thirteen P. cayennensis specimens were drawn from five localities in French Guiana. Our P. cuvieri data set comprised ten specimens from six French Guianan localities and two specimens from Guyana.
PCR AMPLIFICATION AND SEQUENCING
Genomic DNA was extracted using a standard phenol/ chloroform/isoamyl alcohol protocol (Maniatis, Fritsch & Sambrook, 1982) . Universal primers with slight modifications (details available upon request) were used for amplification and sequencing.
Amplifications were carried out in a PTC-100 thermal cycler (MJ Research, Inc.) under the following conditions: initial denaturation at 95 ∞ C for 3 min followed by 30 cycles of denaturation at 95 ∞ C for 30 s, annealing at 48 ∞ C for 30 s and extension at 68 ∞ C for 90 s. A final extension cycle of 10 min at 72 ∞ C completed the reactions. PCR fragments were gel-purified with Ultrafree-DA millipore filters (Amicon) and cycle-sequenced using BigDye terminator chemistry (Perkin Elmer, Applied Biosystems). Cycle-sequencing products were purified by ethanol precipitation and analysed on an ABI 310 automated sequencer.
All sequences generated have been deposited in GenBank (accession numbers AF437781-AF437848, AY206551-AY206645).
A NALYSES Sequences were aligned using the ED editor option in MUST (Philippe, 1993) and alignments were checked manually. As is often the case for the control region, several insertions and deletions (indels) had to be introduced to both outgroup and ingroup taxa to obtain an alignment. We treated gaps as a 5th character state; however, where an indel was longer than one nucleotide the entire gap was coded as a single character so as not to bias analyses. Cytochrome b and the control region were analysed separately as well as in combination after the partition homogeneity test (Farris et al ., 1995) as implemented in PAUP* 4.0b8 (Swofford, 1999) indicated no conflicting signals in our data ( D. leporina : P = 0.27; A. paca : P = 1.0; P. cuvieri : P = 1.0; P. cayennensis : P = 0.58).
To search for deeper phylogenetic breaks, genealogical relationships were constructed by maximum likelihood, distance (neighbour joining), and parsimony methods using PAUP* 4.0b8. To polarize characters, we denoted an outgroup taxon: For D. leporina , we included D. fuliginosa (MVZ155205; donated by J. L. Patton) sampled in Peru, for A. paca we included D. leporina sampled in Brazil (MVZ194281; donated by J. L. Patton), and the two Proechimys spp. included in the study were used to root one another. However, given that a long branch leading to the root can be a source of considerable noise and thus obscure ingroup relationships, trees were constructed using both outgroup and midpoint rooting (Halanych et al ., 1999) . For distance and maximum likelihood analyses, we applied the optimal evolutionary model and parameters to the data as determined in Modeltest 3.06 (Posada & Crandall, 1998) based on the Akaike information criterion (AIC). Parsimonious trees were generated using the heuristic search option in PAUP* 4.0b8 with tree bisection and reconnection branch swapping and 100 random taxon additions. The robustness of resultant topologies was examined by bootstrapping. One thousand iterations were performed for both neighbour joining and parsimony analyses and 100 replicates for maximum likelihood.
Tree-based criteria might not always be adequate in detecting conservation units (Goldstein et al ., 2000; Posada & Crandall, 2001 ). Unrooted parsimony networks, on the other hand, are more sensitive in reflecting relationships among closely related haplotypes (Excoffier, Smouse & Quattro, 1992) . To investigate the level of connectedness between haplotypes, we constructed minimum spanning trees using Arlequin version 2 (Schneider, Roessli & Excofier, 2000) for each of the four species. To further explore the spatial distribution of mitochondrial variation we used an analysis of molecular variance (AMOVA) as implemented in Arlequin version 2. For this, we partitioned the sequence variation into among-and within-subdivision components. Phi-statistics were calculated using the TrN (Tamura & Nei, 1993) model. Permutational procedures (1000 randomizations) were used to provide significance tests for the phi-statistics under the null hypothesis of panmixia. Past population dynamics were inferred using an analysis of mismatch distributions as implemented in DnaSP version 3 (Rozas & Rozas, 1999) and significance values were obtained from 1000 permutations in Arlequin version 2. To test for deviations from neutrality (as would be expected under population expansion) we calculated Fu's Fs (Fu, 1997) .
RESULTS AND DISCUSSION
Our choice of the protein-coding cytochrome b gene and the control region allowed for comparisons with data available for other Neotropical rodent species (e.g. see Patton, da Silva & Malcolm, 2000 and references therein). Not unexpectedly, some terminal branch swapping was evident between closely related haplotypes. Given the relatively few informative characters available when considering cytochrome b and the control region individually, we focused on a combined approach. However, irrespective of the method of analysis (unweighted parsimony, maximum likelihood or distance analysis) or whether the gene fragments were considered alone or in combination, certain primary maternal clades were regularly retrieved. We had limited sample sizes and therefore our clade designations are subjective and not based on a nested clade analysis. Fig. 2A) . Noteworthy, these lineages were sympatric in distribution and coexisted at the localities represented by at least four specimens, namely Petit Saut, Macouria, Saul and St Georges de l'Oyapock. Clade A, with high bootstrap support (>90% for all methods of inference), included specimens from Crique Paracou, Macouria, Petit Saut, Regina, St Georges de l'Oyapock, Saul, and along the RN2 road between Regina and St Georges de l'Oyapock. Clade B was only weakly supported by bootstrap analyses (< 70%) and comprised specimens sampled in Soukoumou, Maroni, Petit Saut, St Georges de l'Oyapock, Trois Sauts, Saul, Macouria and along the RN1 road between Kourou and Sinnamary as well as MVZ194281 sampled in Amazonas, a locality c. 800 km south-west of the nearest French Guianan sample. A single specimen (#2426) sampled at St Georges de l'Oyapock could not be placed with certainty within either of the clades and formed a trichotomy with clade A and B. Notably, when gaps were excluded from our analyses, the highest sequence divergence (2.7%) between any of the haplotypes was between #2426 and #2653, both sampled at St Georges de l'Oyapock. Given the distinct clustering of this specimen it may represent a third -albeit infrequent -D. leporina lineage in French Guiana.
The phyletic pattern could be better visualized through a minimum spanning tree (Fig. 2B) . One of the main features of this tree was the presence of two clusters separated by 17 mutational steps that corresponded closely with those detected by phylogenetic analyses. Of note is that #2426 (haplotype V, observed only at St Georges de l'Oyapock) connected to clade B by 13 mutational steps, thereby confirming its distinct evolutionary trajectory. In contrast, MVZ194281 (haplotype U) sampled in Brazilian Amazonas connected to clade A (haplotype S sampled in Soukoumou) by only nine mutational steps. As expected, given the sympatric occurrence of the maternal lineages, AMOVA indicated that the majority of the variation was within populations (95%), with only 5% between populations. This absence of geographical separation between haplotypes was further reflected in the low phi ST value (0.042; P = 0.31). The mismatch (Fig. 2C) , plotting the number of mutational steps separating haplotypes against their relative frequencies, revealed a bimodal distribution that may reflect two separate waves of range expansion or population growth (for further discussion see section on population growth).
AGOUTI PACA
We sequenced 417 bp of cytochrome b and 489 bp of the control region for 24 A. paca specimens (Table 1) . For the combined data set, 22 haplotypes were defined by 60 variable and 29 parsimony-informative characters (h = 0.98 ± 0.02). Three specimens sampled at the distant locality of Trois Sauts (c. 300 km from coastal locations) shared a maternal haplotype (T). The largest sequence divergence detected was 2.9% between #3492 from Regina and #3376, a specimen sampled along the lower Rio Caroni in Venezuela (c. 1200 km north-west from French Guiana). Nucleotide diversity was calculated at 0.015. The transition : transversion ratio for the in-group was 13 : 1. D. leporina (MVZ 194281) was separated from A. paca by an average divergence of 26%. Using Modeltest under the AIC criterion, we selected the TrN model of sequence evolution with gamma shape parameter (0.212) and invariable sites (0.594).
Phylogenetic analyses revealed four maternal clades in A. paca (Fig. 3A) . As was the case for D. leporina, these clades were sympatric with little or no geographical separation between haplotypes. Clade A included two specimens (sampled at Regina and Sinnamary), clade B grouped seven animals from six localities, clade C clustered six specimens from five localities, and clade D contained two similar haplotypes from two localities. A few of the geographical locales harboured specimens that grouped into different clades: Saul (clades B and C), Trois Sauts (clades B and D), Sinnamary (clades A, B and C), and St Georges de l'Oyapock (clades C and D). The A. paca sampled in Venezuela (#3376, haplotype V) clustered separately from the French Guianan specimens. In addition to the Venezuelan specimen, four French Guianan specimens (#2156, #2888, #2427 and #3120) could not be placed with certainty.
In the minimum spanning tree (Fig. 3B ) the four phylogenetic clades were evident, with Clade A (haplotypes O and K) occupying a rather central position, between Clade B and the remaining specimens. Specimen #2427 from Saint-Georges (haplotype G) had a central position, connected by between seven and 11 steps to the remaining French Guianan A. paca. As also seen in the phylogenetic analyses, the specimen sampled in Venezuela (haplotype V) was most distinct, with 15 mutational steps needed to connect it to the central haplotype G from St Georges de l'Oyapock. The three other specimens (#2156, haplotype C; #2888, haplotype I; #3120, haplotype U), which could not be reliably placed within any of the clades in the phylogenetic analysis, remained isolated, being separated by 7-11 steps. AMOVA showed that 83% of the variation was within populations, with 17% between populations (phi ST = 0.171, P = 0.04). The mismatch distribution (Fig. 3C ) approximated a bell-shaped curve indicative of a population expansion or colonization event (for further discussion see section dealing with population growth).
PROECHIMYS CAYENNENSIS
We sequenced the complete cytochrome b gene (1140 bp) and 486 bp of the control region for 13 P. cayennensis sampled from five localities throughout French Guiana (Table 1) . For the combined data set, 46 variable and 11 parsimony-informative characters defined ten haplotypes (h = 0.923 ± 0.011). The four specimens sampled in Cayenne shared the same haplotype. The highest uncorrected sequence divergence detected was 1.1% between #2010 and #2477 sampled in Nouragues and Pic Matecho, respectively (two nearby localities, about 50 km apart). On average, sequence divergences separating haplotypes were lower than those for any of the other three caviomorph rodents, which was reflected in a lower nucleotide diversity (0.006). The transition : transversion ratio for the in-group was 9 : 1. The two Proechimys species in French Guiana were separated by 11%. The TrN model of sequence evolution with invariable sites (0.773) was selected under an AIC criterion.
The phylogenetic analysis was uninformative regarding clades due to the reduced genetic variability (only 11 parsimony-informative sites from 1626 characters). Only two clades (Fig. 4A) were supported by bootstrapping. Clade A comprised four individuals from Cayenne that shared a haplotype (#2725, #2715, #3292, and #2656, haplotype I) and Clade B encompassed three specimens from Petit Saut separated by single site changes (#1394, haplotype A; #1762, haplotype B; #1832, haplotype C). The unrooted parsimony network (Fig. 4B) similarly reflected a loose association between specimens, with most of the haplotypes, excluding the two clades mentioned above, being equidistant (all haplotypes separated by between eight and 12 steps). Of special note, however, is that the majority of the haplotypes connected in a star-like manner to haplotype A (#1394), collected at Petit Saut. This star-like phylogeny is typical of a recent expansion.
To facilitate direct comparisons with the other species included in our study, we corrected (by a factor of 1.5) for differences in the number of base pairs sequenced when calculating the number of steps separating haplotypes; the true number of steps observed between haplotypes is given in parentheses. This was because both D. leporina and A. paca data sets comprised ~1000 bp (962 bp and 906 bp, respectively) whereas the data sets for the two Proechimys species were ~1600 bp (1626 bp). The highest number of mutational steps, namely ~8 (12), was needed to connect the Nourages specimen (haplotype F) to #1394 from Petit Saut (haplotype A), a locality c. 100 km to the north. AMOVA indicated that the variation was divided equally between and within populations, with 51% being among, and 49% within, populations. The phi ST was calculated at 0.513 (P < 0.001). This may, at least in part, have been the result of the four specimens from Cayenne that shared a unique haplotype and three specimens sampled at Petit Saut being separated by single site changes. Given that our total sample for this species was 13 specimens from five localities, a large proportion of individuals (seven specimens from two localities) either shared a haplotype or was separated by a single mutational change. The mismatch distribution (Fig. 4C ) was not significantly different from a unimodal distribution, as would be expected when the populations have undergone an expansion or colonization event (for further discussion see section dealing with population growth).
PROECHIMYS CUVIERI
As for P. cayennensis, we sequenced the complete cytochrome b gene (1140 bp) and 486 bp of the control region for 12 specimens from seven localities (Table 1) . For the combined data set, each individual was characterized by a unique haplotype (101 variable and 59 parsimony-informative characters). The highest sequence divergence detected was 3.4%, between #2336 from Baramita (Guyana, approximately 900 km north-west from French Guiana) and #2475 (Pic Matecho) and #2519 (Saul). The transition : transversion ratio for the ingroup was 7.5 : 1. Using Modeltest with AIC criterion, the HKY model of sequence evolution was selected with gamma shape parameter (0.0134).
As shown by Steiner et al. (2000) , P. cuvieri is characterized by higher diversity indices than those observed for P. cayennensis. This was clearly highlighted by the number of informative sites: 59 for P. cuvieri and only 11 for P. cayennensis. Nucleotide diversity for this species was the highest detected in our study (0.02) and was almost an order of magnitude higher than that for P. cayennensis. Three mitochondrial DNA clades were retrieved (Fig. 5A ). The first (Clade A) comprised specimens drawn from Pic Matecho, Saul, Petit Saut and Trinite. Clade B included the two specimens from Guyana (Baramita). Clade C grouped specimens from Saul, Pic Matecho, and Nouragues. A specimen sampled in Petit Saut (#1750) clustered basal to clades A and C, whereas a single specimen from Saint Jean (#1757) was basal to Clade B. Clades A and C occurred in sympatry at Saul and Pic Matecho. The unrooted parsimony network denoted the three clades, as well as two central individuals (#1750, haplotype B; #1757, haplotype C) which connected the Baramita specimens (clade B) by a total of ~67 (100) steps. Although some of the specimens collected from the same geographical locality were separated by few mutations (e.g. ~two (three) steps between #2271 and #1856 from Nouragues, and one step between #2340 and #2336 from Baramita), the general trend was that haplotypes were distinct. AMOVA showed 44% of the variation to lie among populations, with 56% between populations, and phi ST = 0.44 (P = 0.02). The mismatch distribution (Fig. 5C ) showed a ragged distribution of haplotype frequencies, indicative of a stable population size (see section on population growth for further discussion).
POPULATION GROWTH
We found that the different clades detected within three of the four species (with the exception of P. cuvieri) appeared in a star-like pattern, with a central haplotype to which most other haplotypes connected. This pattern of divergence is characteristic of populations that have recently colonized new regions and/or are expanding (Conroy & Cook, 2000) and, in combination with short maximum likelihood branch lengths, indicates the rapid divergence of several haplotypes from an ancestral one. The internal haplotypes in the networks were mostly from coastal areas (Maroni, Iracoubo, Petit Saut, Cayenne and St Georges de l'Oyapock) with the inland locality of Saul being ancestral only in D. leporina (Fig. 2) . However, we cannot unambiguously exclude the possibility that Saul was the source population from where the ancestral haplotype subsequently colonized new areas as they became available (de Granville, 1982) . Mismatch distribution analyses revealed genetic signatures characteristic of expanding populations for D. leporina, A. paca and P. cayennensis. For D. leporina, and to a lesser extent A. paca and P. cayennensis, two peaks were evident when the frequency of haplotypes was plotted against the number of differences (Figs 2-4) , which may correspond to different temporally separated waves of expansion. In addition to the mismatch analyses, Fu's F statistics indicated a deviation from neutrality as may be expected when a population is under selection or is expanding (D. leporine, Fs = -20.87, P < 0.001; A. paca, Fs = -15.64, P < 0.001; P. cayennensis, Fs = -5.66, P = 0.008). The mismatch distribution for P. cuvieri clearly shows a multimodal distribution 5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  57  59  61  63 consistent with a more stable population (Fig. 5C ). Fu's Fs (-1.72) was not significant indicating that the data for this species do not deviate from neutrality.
TIME OF LINEAGE SEPARATION
Molecular clocks are often developed for species for which there is a rich fossil record available and are then used to determine time of divergence for taxa that have poor or non-existent fossil records (Spradling, Hafner & Demastes, 2001 ). An important assumption for the cross-taxon application of molecular clocks is that both sets of taxa have similar rates of evolution. In addition, the use of a molecular clock assumes the absence of among-lineage rate heterogeneity, indicating that the data evolve in a clock-like manner. Arbogast, Browne & Weigl (2001) suggest that cytochrome b evolves at a rate of between 7.5% and 12% per million years in closely related rodents; similarly Conroy & Cook (2000) calibrated their molecular clock for voles at 8.1% per million years.
Notwithstanding that there may be differences in the rate of evolution between the four species included here and that of other rodent taxa, our cytochrome b data showed no significant rate variation between haplotypes (P > 0.05 using the RRTree; Robinson et al., 1998) . For D. leporina and P. cuvieri, the maternal lineages were separated by an average of 2%. Applying these divergence rates to our cytochrome b data and using an average of 2% divergence between the clades would suggest that the maternal lineages separated between 260 000 and 160 000 years ago. The maternal clades in A. paca and P. cayennensis were younger and separated by 0.7% divergence, which translates to between 66 000 and 46 000 years ago. However, these results should be viewed with caution since they are likely to have large standard errors (Arbogast & Slowinski, 1998) . The late-and post-Pleistocene is the time often invoked for Amazonian diversification (da Silva & Patton, 1998) ; our data for the diversification within the four rodent species fell within this period.
CONSERVATION
Our analysis of mitochondrial DNA indicates the presence of several putative maternal clades within rodent species in French Guiana. In cases where subdivision is statistically demonstrated the investigator can be confident that the taxa are isolated in a demographic or evolutionary sense (Taylor & Dizon, 1996) . However, when these lineages are sympatric as was the case for Dasyprocta, Agouti and Proechimys in French Guiana, the interpretation in terms of conservation and hunting regulation becomes less clear. From a management perspective, these maternal lineages are indistinguishable in the field. It would therefore follow that these species distributed throughout French Guiana constitute single large panmictic populations and could be managed as such. Our mitochondrial survey did not identify any locality or subregion within French Guiana that is characterized by endemic haplotypes necessitating particular attention for conservationists. Irrespective of this, it is important for game species (such as D. leporina and A. paca) that geographical populations are maintained through sustainable hunting and that local depletion is avoided. It is therefore of vital importance that hunting in French Guiana should be continuously monitored and regulated in a manner to ensure the survival of game species.
